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Abstract. High resolution spectroscopic observations of 
Seyfert galaxies witli Chandra and XMM-Newton allows 
us to study the detailed ionization and thermal structures 
of the X-ray absorbing/emitting material in the circumnu- 
clear environment. The vast improvement in the spectral 
resolving power by more than an order of magnitude en- 
ables us, for the first time, to unambiguously distinguish 
the dominant line emission mechanisms and to measure 
its dynamical properties as well. The X-ray band harbors 
spectral transitions from a wide range of ionization states, 
including valence-shell transitions in K-shell and L-shell 
ions from most cosmically abundant elements, as well as 
inner-shell transitions of iron and other mid-Z elements, 
which can be probed through absorption measurements. 
The X-ray spectrum, therefore, provides simultaneous ve- 
locity and column density constraints of highly ionized to 
only slightly ionized gas harbored in many of these sys- 
tems. 

We summarize recent results that have emerged from 
observations of Seyfert 2 galaxies with the grating spec- 
t rometprs onboard Chandra and XMM-Newton. We give 
partici lar emphasis to an empirical physical model that 



both suggest that the soft X-ray band should contain a 
wealth of information about the circumnuclear environ- 
ment, which harbors regions ranging from relatively cool 
absorbing and reflecting media to hot and tenuous ion- 
ized regions. X-ray spectra of many AGN exhibit strong 
emission lines, especially in Seyfert 2 galaxies where the 
central continuum source is blocked by a torus of obscur- 
ing material and emission lines of large equivalent width 
are produced, both in the hard (2 - 10 keV) and soft X- 
ray bands (0.3 - 2 keV). However, owing to the low spec- 
tral resolution spectra available prior to the deployment 
of Chandra and XMM-Newton, physical parameters that 
may, in principle, be derived from the soft X-ray spectrum 
were not well-constrained. 

ASCA and Beppo-SAX observed strong soft X-ray line 
emission in many Seyfert 2 galaxies. The nature of this line 
emission, however, has remained rather controversial, and 
models involving both photoionized and collisionally ion- 
ized plasmas yielded acceptable fits to t he data (see, e.g 
Ueno et al. 1994: [wasawa et al. 1994: Netzer & Turnei 



1997|; [Turner et al. 1997| ; [Grifliths et al. 1998| ; |Sako et al 



we have developed based on the observed spectra, and 
how it can be used for comparative studies with Seyfert 1 
galaxies to test the AGN unification scenarios. 



1. Introduction 

In the past several years. X-ray observations have played 
3/;irtfint role in the de'srelopmpnt of a "imified mndel" 



2000a) 



Chandra and XMM-Newton spectroscopic observations 
of Seyfert galaxies have provided us with a better un- 
derstandi ng of the physical nature of the circumsource 
medium, ^ako et al. (200"0b ) have shown using Chandra 
HETG data of Mrk 3 that the soft X-ray emission line 
spectrum is consistent with that produced in a warm ab- 
sorbing medium seen in re-emission, providing further ev- 



an imp 



idence that support the unified picture of AGN. Kinkhab- 



of AG? ; in which the nbscrvatinnal properties of the vi\r- 



ious clhsses (RL Lac nbjertS; Se3^fprt 1 and 9^, etc ) nre 



wala et al. (2002a ) ; Brinkman et al. (2002a ) and Ogle et al 



explained solely in terms of their inclination angle with re- 



sped to the observer (Miller & Antonucci 1983; 


Antonucci 


fe Miller 1985; 


Miller & Goodrich 1990; 


Antonucci 1993|). 



Such issues are naturally related to the understanding of 
the structure of matter immediately surrounding the cen- 
tral engine, where a variety of physical processes are ex- 
pected to take place. Spectral modeling and observations 



(2002a ) have performed quantitative analyses of the X-ray 
spectra of the archetypal Seyfert 2 NGC 1068, and placed 
tight constraints on the column density and velocity dis- 
tibution of the circumnuclear medium, as well as strict 
upper limits on the amount of collisionally ionized gas in 
this object. 

Although the X-ray spectra of Seyfert 2 galaxies look 
very different from those of Seyfert 1, there is much overlap 
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wavelength (A) 

Fig. 1. The soft X-ray spectrum of NGC 1068 obtained 
with the ASCA SISO (top), the XMM-Newton RGSl (mid- 
dle), and the Chandra HETG (bottom). The spectrum is 
dominated by a forest of emission Unes, which cannot be 
resolved with the resolving power capabilities of the ASCA 
SIS {E/AE - 20). 



in the observable parameter space that characterize the 
physical nature of the circumsource medium. In Seyfert 1, 
the central continuum source is used as a back-lighter 
to study the properties of the medium along the line of 
sight through absorption spectroscopy. In Seyfert 2, on the 
other hand, where the direct view to the continuum source 
is blocked by the putative molecular torus, the properties 
of the absorbing medium can be studied by detailed in- 
vestigation of light that is reprocessed and scattered into 
our line of sight. 

As mentioned above, absorption spectroscopy provides 
information pertaining to only a particular line of sight 
along which the observer happens to be looking. This line 
of sight may or may not be representative of the entire cir- 
cumnuclear region, and, as a consequence, it is not clear 
whether the derived parameters are representative of the 
global properties of the AGN. In principle, detection of 
emission lines superimposed on the background continuum 
provide some rough estimates of the covering fraction, 
since, unlike absorption lines, they are produced in regions 



that lie outside the line of sight as well, but a detailed 
investigation of the distribution of material is extremely 
difficult. A similar complication exists in interpreting the 
spectra of Seyfert 2. In these sources, the observed emis- 
sion lines are produced in the entire circumsource medium, 
and the resulting spectrum is a sum over all the possible 
lines of sight from the central continuum source along the 
ionized medium. The derived column densities are, there- 
fore, biased towards regions of high covering fraction and 
column density (for reasons to be discussed in detail be- 
low). 

However, even given these complications, the informa- 
tion content of high-resolution X-ray spectra is certainly 
revolutionary. In the remaining sections, we discuss what 
we can measure from the spectrum and the assumptions 
that go into the modeling and interpretation. We iden- 
tify and compare the parameter space spanned by spectra 
of both Seyfert Is and 2s, and discuss how X-ray obser- 
vations can be used to test the unified model of AGN. 
Since much of the results on the X-ray spectral analyses 
of Seyfert 1 galaxies are discussed elsewhere in this Pro- 
ceedings, here I will focus mainly on high resolution spec- 
tral data of Seyfert 2 galaxies and its relation to those of 
Seyfert 1. 

2. Observations 

Almost all of the X-ray bright, emission line dominated 
Seyfert 2 galaxies have already been observed by the grat- 
ing spectrometers on both Chandra and XMM-Newton. 



These include the following sources: Mrk 3 (Sako et al 



pOOOb 


, NGC 4151^ (pgle et al. 200q), the Chcinus Galaxy 


(Sambruna et al. 2001 


), NGC 1068 (Kinkhabwala et al. 


p002a; 


Brinkman et al. 2002a 


; pgle et al. 2002a), and 



NGC 4507. Since these objects were selected based on 
their soft X-ray brightnesses, their energy output is natu- 
rally dominated by AGN activity, and contamination from 
the host galaxy, e.g., from starburst activity, is expected to 
be relatively small. As shown below, the data also require 
that most, if not all, of the X-ray line emission is produced 
by AGN activity in all of the systems studied so far. In 
lower-luminosity Seyfert 2, the amount of starburst emis- 
sion is expected to be more substantial. High-resolution 
spectroscopic observations of such objects, however, still 
do not exist. 

In at least one object (NGC 1068), detailed imaging 
spectroscopy is possible with the Chandra grating spec- 



trometers and the results are presented in Brinkman et al 



P~[rhrou ghout this article, we simply refer to Seyfert 1 galax- 
ies as objects in which the direct continuum radiation is vis- 
ible in the soft X-ray region {E ^ 2 keV), and Seyfert 2 as 
those in which the continuum below _E ~ 2 keV is highly at- 
tenuated. NGC 4151 was originally classified as a Seyfert 1.5 
galaxy based on the optical emission line properties. However, 
here we simply refer it as a Seyfert 2 based on the X-ray con- 
tinuum properties observed recently by Chandra. 
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(2002 a) and|Ogle et al. (20021^), as well as in thi s Proceed- 
ings ([Brinkman et al. 2002b|; pgle et al. 2002bD. In most 



of the other eases (Mrk 3, NGC 4151, and the Circinus 
Galaxy), some information regarding the spatial distribu- 
tion is available as well. High-resolution images show that 
the ionized media in Seyfert 2 galaxies extend out to sev- 
eral hundred parsecs. The minimum spatial scale that can 
be resolved by the Chandra telescope corresponds to ap- 
proximately 20 pe at the distance of the closest Seyfert 2 
in the sample (the Circinus Galaxy - 1" ^ 20 pe at 
D = 4 Mpc). 

Table 1. List of High-resolution Spectroscopic Observa- 
tions of Seyfert 2 Galaxies. 



Object name 


RGS" 


HETG" 


LETC 


NGC 1068 


V 


A 


V 


Mrk 3 


A 




X 


Circinus 


A 


V 


X 


NGC 4151 


A 


V 


A 


NGC 4945 




X 


X 


NGC 4507 


A 


A 


X 



\/ = the observation exists and the results are already pub- 
lished; A = the observation exists but the results are not yet 
in press at the time of writing (June 2002); x = observation 
does not exist at the time of writing 

' The EP IC data of a 24 ksec XMM-Newton obs ervation is pre- 
sented in ISchurch, Roberts, fc Warwick (200^ , but the RGS 
data have not yet been published. 



3. Spectroscopic Diagnostics and the Observables 

In this section, we discuss some of the spectroscopic 
diagnostics useful for analyzing and interpreting high- 
resolution Seyfert 1 and 2 spectra. 



3.1. Seyfert 1 

Most of the spectroscopic features observed in Seyfert 1 
galaxies are absorption features that are produced through 
either photoexcitation (bound-bound) or photoionization 
(bound-free) of ions by the background continuum. From 
an atomic physics point of view, absorption spectroscopy 
is relatively simple compared to emission spectroscopy 
since, in most practical cases, it only requires the knowl- 
edge of transition wavelengths, oscillator strengths, and 
radiative decay rates of resonance transitions, all of which 
are relatively easy to calculate. Accurate laboratory wave- 
length measurements for the strongest lines are also avail- 
able for most important ions. 

One of the unique characteristics of the X-ray band 
is that absorption lines of most H-like and He-like ions 
can be detected up to the series limit. In an optically thin 



case, the absorption line equivalent width {EW) ratios cor- 
respond to their oscillator strength ratios. As the column 
density increases, the Lya (or Hea; n = 2 ^ 1) line sat- 
urate first, then the Ly/3 (and He/3; n = 3 ^ 1) line, 
and so forth. At a much higher column density, contin- 
uum absorption start to become important. Therefore, by 
measuring theEW of multiple lines and using the curve-of- 
growth method, the X-ray spectrum is capable of probing 
an extremely wide range in column densities and turbulent 
velocities simultaneously. 

Velocity shifts can also be measured with high- 
resolution spectrometers. With the high energy trans- 
mission gratings onboard Chandra, for example, velocity 
shifts as low as ~ 100 km s~^ can be measured for sin- 
gle isolated lines. When multiple lines from a single ionic 
species are present, velocities can be constrained to higher 
accuracy. 

In practice, the thermal state of the irradiated medium 
is very difficult to discern from a Seyfert 1 spectrum. First 
of all, an absorption spectrum is completely insensitive to 
the dominant excitation/ionization mechanism that main- 
tain the observed level of ionization. Although it is true 
that photoionization/photoexcitation contribute to some 
level in populating the excited states of ions (because we 
see it), there may also be a large thermal heat source, 
which could dominate the total energy budget. Another 
reason is that the spectral signatures of photoionization- 
dominated plasma (e.g., narrow radiative recombination 
continua - RRC - and strong forbidden lines relative to 
resonance lines in He-like ions) are difficult to discern in 
the presence of a bright underlying continuum, especially 
when absorption lines are also superimposed. In at least 
one source for which an extremely high signal-to-nois e 



spectrum is available (NGC 3783 - |Kaspi et al. 2002|) 
however, there are clear detections of a number of RRC 
from different ions, thereby demonstrating the dominance 
of photoionization over coUisional ionization. 

The covering fraction can also be estimated by mea- 
suring the relative amount of absorption and emission ob- 
served in a given ion. A model absorption spectrum of 
O VII at a column density of A'^o vii = 10^^ cm~^ is shown 
in the top panel of Figure |^. The two absorption lines 
at A = 21.6 A and A = 18.6 A are Hea and (3 transi- 
tions, respectively. The middle panel shows the amount 
of re-emitted line emission that escapes a uniformly-filled 
ionization cone with a covering fraction of / = 0.1. The 
forbidden fine at A = 22.1 A is produced solely through 
recombination cascades, and, in addition, almost always 
escapes the nebula because its oscillator strength is essen- 
tially zero. Therefore, by measuring the absorption column 
density and the forbidden line intensity, one can estimate 
the total covering fraction of the absorbing medium. 

In addition to valence shell transitions of H-like and 
He-like ions and L-shell iron, the X-ray band is capa- 
ble of probing material of lower charge states through 
inner-shell absorption spectroscopy. For example, an unre- 
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Table 2. Observable Parameters in Seyfert 1. 



Parameter Measurement Method 

X-ray luminosity (Lx) - direct measurement of continuum brightness 

ion column density (Ni)'^ - absorption line equivalent widths, and their ratios; curve-of-growth analysis 

turbulent velocity width (uturb)" ~ absorption line equivalent widths, and their ratios; curve-of-growth analysis 

- line profile analysis of individual lines or by stacking (requires high signal) 

covering fraction (/) - comparison of emission line intensities and absorption column densities 

line of sight velocity (Av) - direct measurement of individual absorption line centroids or by stacking 



'^These two parameters are somewhat coupled. See text for details. 
Table 3. Observable Parameters in Seyfert 2. 



Parameter 



Measurement Method 



X-ray luminosity (Lx) 

effective X-ray luminosity (/ x Lx)" 

ion column density (Ni)'^ 

average turbulent velocity width (uturb) 

average bulk velocity field (Av) 

size of ionized region {R) 



direct measurement is possible if the intervening medium is Thomson thin 
emission line intensities 

relative line intensities; curve-of-growth analysis 
relative line intensities; curve-of-growth analysis 

direct measurement of individual absorption line centroids or by stacking 
direct measurement of spatial extent 



"These parameters are somewhat coupled. See text for details. 



solved transition array (UTA) of inner-shell 2p — 3d tran- 
sitions of M-shell iron (Fel - FeXVI) lie in the X-ray 
band between ~ 15 A and 17.5 A. These features have 
been clearly detected in at least two objects - an in- 
frared quasar IRAS 13349-H2 348 (^ako et al. 2001| ) and 



a Seyfert 1 galaxy NGC 3783 (Kaspi et al. 2001) - as well 



as in the laboratory ( Chenais-Popovics et al. 2000| ). The- 



oretical calculations of wavelengths and tra nsition proba- 
bilities are presented in Behar et al. (2001 ). 



3.2. Seyfert 2 

Most of the features in the spectra of Seyfert 2 galaxies 
are produced through cascades following recombination 
and photoexcitation, which are inverse processes of those 
that produce absorption features in Seyfert 1 spectra. 
As discussed in Kinkhabwala et al. (2002a), careful 



measurements of emission line ratios provide simultaneous 
constraints on the column density and turbulent velocity, 
as in the case of Seyfert 1. The method is analogous to the 
curve-of-growth method used in absorption spectroscopy, 
where the column density - turbulent velocity degeneracy 
can be broken by measuring absorption equivalent widths 
of multiple lines from the same ionic species with different 
oscillator strengths and/or by measuring the depth of the 
photoelectric edge in cases where the column density is 
sufHciently high. 

When the direct view to the central continuum source 
is blocked by an obscuring medium, as in the case of 



Seyfert 2 galaxies, these processes produce emission lines. 
By computing photoionization and photoexcitation rates 
self-consistently, emission line intensities resulting from re- 
combination cascades and cascades following photoexcita- 
tion can be calculated. The predicted total emission line 
intensity ratios can then be compared with the data to 
yield column density and velocity width measurements. 

In H- and He-like ions, for example, approximately half 
of the total oscillator strength is in the lines and the other 
half in the continuum. This means that, in the optically 
thin limit, half of the total number of photons absorbed 
by the ion result in photoexcitations, while the other half 
result in photoionizations. However, since the absorption 
cross section of strong resonance lines are several orders of 
magnitude larger than that of the continuum, they satu- 
rate at much lower column densities. For example, the Lya 
and Hea lines saturate at a column of Mon ^ ^0^^ cm^^ 
and the continuum edge saturates at A^ion ^ 10^^ cm^^. 
This is illustrated in Figure ^, where we plot O VII model 
spectra at three different column densities. At a low col- 
umn density (top panel), the intensity ratios of the res- 
onance line series are roughly equal to their oscillator 
strength ratios. As the column density is increased, the 
lines saturate while the continuum is still optically thin. 
Recombination line intensities increase roughly linearly 
with column density, while the photoexcitation intensities 
of t he saturated lines increase only logarithmically (see 
also Behar et al. 200^ ). It is important to note that the 



He-like triplet line ratios at intermediate column densities 
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Fig. 3. He-like O VII absorption (left) and emission (right) model spectra at three different colmTin densities. For 
clarity, contribution from rc-cmission is not included in the absorption spectra. At a column density of iV = 10^^ cm~^ 
(top), the resonance lines are optically thin. In this case, roughly half of the emission line fluxes are produced through 
cascades following photoexcitation, while the other half are produced via recombination cascades (see text for de 
tails). At a high column density [N = 10^^ cm 
the edge is only mildly saturated. In this case 
suiting spectrum is, therefore, similar to a pure recombination spectrum shown on the lower-right panel, which is 
markedly different from the N = 10^^ cm~^ case. The absorption cross section is shown on the lower-left panel. 
The dotted vertical line designates the series limit. M odel calculations are performed using a code available at 
http : //xinm. astro . Columbia. edu/photo/photo .html. 



^) (third panel), the resonance lines are completely saturated, while 
recombination emission dominates over photoexcitation. The re- 



look very similar to those in coUisional ionization equilib- 
rium, and need to be handled with caution. Measurements 
of the higher order line intensities and the detection of 
the RRC provide a more robust diagno stic for distinguish- 



ing the dominant emission mechanism ( Kinkhabwala et al, 
2002a|)l 

Similar diagnostics are possible with iron L ions 
(FeXVII - FeXXIV) as well. In FeXVII, for exam- 
ple, the lowest lying level above the ground state pro- 
duces the s trongest recombination line at 17.10 A( Licdah^ 



nance line and is efficiently excited via photoexcitation (or 
coUisional excitation). The 17.10 and 15.01 lines are anal- 
ogous to the forbidden and resonance lines in He- like ions, 
respectively, and their line intensity ratio, therefore, pro- 
vides constraints on the column density of FeXVII. As in 
the He-like triplet, however, the A17.10/A15.01 line ratio 
alone cannot be used to determine the emission mecha- 
nism unambiguously, but careful modeling/measurements 
of the weak lines provide robust discrimination. The iden- 
tification of an elaborate set of spectral diagnostics with 
iron L ions is in progress, and will be presented in Gu 



et al. 1 990D. This tiausltluii has uii extitimdy low usclUu- and [Kinkhabwaia et al. (2002b| ) 

tor strc'iigtli. Thu ti'aiisitioii at 15.01 A is a sLruiig reso 
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Fig. 4. Same as in Figure |^ for FeXVII. The strong resonance lines at A = 15.01 A and A — 15.24 A are brightest at 
low column densities, while the lowest-level transition at A = 17.10 A is stronger at high column densities. See text 
for details. 



Since the amount of line emission depends on the 
amount of reprocessed continuum radiation, the observed 
line intensities provide a measure of the X-ray continuum 
luminosity intercepted by the absorbing medium; i.e., the 



be difficult to measure the temperature with a spectrum 
of moderate statistical quality. The temperature of the 
H-like and He-like CNO emission region in NGC 1068 is 
measured to be kT ~ 30,000 - 45,000 K ([Kinkhabwala 



quanti y / x , where / is the covering fraction and Lx is 
the X-ray luminosity. In principle, careful measurements 
of hne ratios can be used to infer the continuum shape 
as well, since photoexcitation line intensities are directly 
proportional to the local monochromatic continuum in- 
tensity. This is, however, difficult in practice because the 
exact absorption column density is usually not known and 
radiative transfer effects may alter the model line ratios. 

Direct temperature estimates are also possible in 
Seyfert 2 spectra by measuring the width of the RRC. 
The RRC of C V and Si XIV are in isolated regions of the 
spectrum, while those of O VII and O VIII suffer from se- 
vere blending with several iron L lines. Most of the other 
RRC lie close to bright emission lines and may sometimes 



ct al. 2002a) 



Inner-shell absorption lines observed in Seyfert 1 galax- 
ies are extremely difficult to detect in re-emission, since 
the upper levels of many of these transitions are strongly 
autoionizing (i.e., low fluorescent yield). A well-known ex- 
ception is the ubiquitous iron K line complex near 6.4 keV, 
which has an average fluorescent yield of ~ 0.3 — 0.4. Flu- 
orescent line emission from other mid-Z elements (Si, S, 
Ar, and Ca) has also been observed in several sources. 
Inner-shell emission lines from low-Z elements (C, N, O, 
and Ne) are probably too weak to be detected because of 
the ^ dependence of the fluorescent yields. 

There is one important caveat in interpreting the mea- 
sured column densities from a Seyfert 2 spectrum. As men- 
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Fig. 2. Model OVII spectra showing the effects of re- 
emission in an absorption spectrum. This particular model 
assumes a covering fraction of / = 0.1 and a column den- 
sity of iVo VII = 10^* cm^^. The top panel shows a pure ab- 
sorption spectrum with no re-emission. The second panel 
shows the amount of re-emitted light that escapes the ir- 
radiated region in the absence of velocity gradients. Note 
that the amount of resonance line radiation that escapes is 
much lower than in a pure recombining case (see Figure ^ 
due to self-absorption. Note, however, that he results are 
sensitive to the density distribution of the medium. 

tioned above, the emission line intensities are proportional 
to the quantity / x Lx- The line intensities are also mono- 
tonic functions of the column density, but the dependence 
is non-linear. Therefore, in reahty, the resulting spectrum 
is a complicated weighted sum over the entire ionized 
medium. This implies that a measured ionic column den- 
sity roughly corresponds to where the quantity / x A^, is 
a maximum; regions of small covering fraction and/or col- 
umn density do not contribute significantly to the total 
X-ray line intensity. This may not be a serious problem, 
since one can argue that those regions of extremely low 
column are of no particular interest. It could, however, 
be detrimental for comparative studies with Seyfert 1, 
since absorption column densities are based on a single, 
unrepresantitive, line of of sight. 

4. Comparisons and Future Work 

Although a detailed uniform spectral analysis of the 



Seyfert 2 sample is in progress ( Kinkhabwala et al. 2002c ) , 
rough comparisons of the derived physical parameters 
with Seyfert 1 galaxies can already be made. 

NGC 3783 harbors, by far, the largest column den- 
sity warm absorber observed to date. From several Chan- 
dra HETG observations, the total equivalent hydrogen 



columr density in this object is estimated to be Nh 
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Fig. 5. He-like NelX spectra observed in Mrk 3 (top) 
NGC 4151 (bottom). The top panel of each figure shows 
the data with a Ne IX model spectrum superimposed, 
which include emission from both photoionization and 
photoexcitation. The bottom panel is the same, except 
the contribution from photoexcitation is excluded from 
the model. The triplet lines are detected between 13 and 
14 A. Note the difference in the relative intensities of the 
forbidden and resonance lines. In Mrk 3, the resonance line 
is brighter than the forbidden line, which suggests a rather 
low column density of Ne IX. In contrast, the forbidden 
line in NGC 4151 is stonger. 

absorber with comparable column density. The observed 
Ne IX triplet line ratios (see Figure ^ imply an ionic col- 
umn density of A^noIX ~ 10^^ 
drogen column density of Nh 
solar abundances. 

An example of an object with a small, but a detectable 
amount of absorption is Mrk 509, where we estimate the 

1021 



cm or an equivalent hy- 
'--^ 2 X 10^2 cm~2 assuming 



column density to be 



4 X 10^2 cm (|Kaspi et al. 2002 ). Among the sources in 
the Seyfert 2 sample, NGC 4507 appears to have a warm 



cm (Pounds et al 



2001). This is sim ilar to the column density estimated by 
pako et al. (2000"b ) for the Seyfert 2 galaxy Mrk 3 (see, also 



Figure A detailed investigation and comparisons of the 
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Fig. 6. Same as in Figure I for NGC 4507. Here, the ob- 
served forbidden line intensity is much stronger than that 
of the resonance hne, which imphcs that photoionization 
dominates over photoexcitation (high column density). 



sources listed in Table ^ will be presented in Kinkhabwala 
et al. ( ^002cD . 

There are numerous other Seyfert 1 objects with ob- 
served column densities that are much lower than ~ 
10^^ cm^. These objects are much more difficult to de- 
tect from the Seyfert 2 view, since, in these cases, the 
amount of reprocessed continuum radiation is small. Deep 
exposures of X-ray faint Seyfert 2 galaxies may allow us 
to place constraints on the column densities and to in- 
crease the parameter space in which detailed comparisons 
of Seyfert 1 and 2 spectra are possible. 
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